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ABSTRACT 

A  series  of  tests  was  performed  to  determine  whether  radioactive  fallout  would 
migrate  vertically  downward  through  soils.  A  thin  layer  of  fused  or  leachable  fallout 
simulant  (Monterey  sand  coated  with  barium ^^^-lanthanum^^®)  or  of  natuiol  fallout 
(fission  products  in  soil)  was  spread  on  trays  containing  frozen  soil  mixtures.  The 
trays  were  alternately  thawed  and  allowed  to  refreeze,  with  radiation-level  measure¬ 
ments  made  periodically.  After  a  number  of  thaw-freeze  cycles  the  frozen  soils  were 
vacuumed  to  remove  surface  activity.  Core  samples  of  the  soils  were  taken  and 
layers  of  the  cores  were  counted  to  determine  actual  migration. 

It  was  concluded  that  migration  did  c'cur  by  leaching  and  particle  movement, 
and  that  particle  migration  occurred  only  in  soils  having  a  wide  range  of  particle 
sizes,  A  single  vacuuming  removed  most  of  the  detectable  activity. 
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INTRODUCTION 


The  Navai  Civil  Enj^Ir.ccrlr.g  !-aboiatc.i>  iios  conducfirg  studies  or 
radiological  decontamination  methods  for  cold-weather  areas.  It  was  deemed  that 
a  study  of  the  migration  of  fallout  in  alternately  frozen  and  thawed  soils  was  in 
order  since  no  previous  work  of  such  nature  had  been  reported. 

An  examination  of  weather  maps  of  the  United  States  will  reveal  that  at  least 
half  of  the  country  experiences  freezing  conditions  during  the  year.  In  this  study, 
it  is  assumed  that  a  radioactive  fallout-producing  incident  hos  occurred  while  such 
freezing  conditions  prevail.  Residents  of  an  area  go  into  shelters,  and  the  fallout 
settles  on  various  land  surfaces.  Sunlight  and  the  ambient  temperature  vary  and  pro¬ 
duce  alternate  thawing  and  refreezing  of  the  soil  surfaces.  This  alternation  Includes 
the  fallout  in  the  uppermost  soil  layer,  at  least  by  freezing  it  to  the  surface  through 
contact  with  existing  moisture.  The  questions  that  arise  are:  Will  the  fallout  migrate 
vertically  down  into  the  soil  under  this  alterrwte  thawing  and  freezing?  and  if  so, 
how  far  will  it  migrate?  This  study  was  undertaken  in  an  attempt  to  answer  these 
questions. 


TEST  SERIES 

One  series  of  tests  was  conducted  in  NCEL's  cold  chamber,  using  o  fused 
fallout  simulant.  Results  of  that  series  were  only  partially  conclusive,  so  a  second 
series  was  planned.  During  this  second  series  additional  radioactive  materials 
including  mtural  fallout  were  to  be  employed,  and  at  least  two  different  counting 
systems  were  to  be  used. 


TEST  FACILITIES 
Facilities  at  NCEL 

For  the  IniticI  experiment,  conducted  in  the  NCEL  cold  chamber,  four  sheet- 
metal  trays  (Figure  I),  eoch  containirsg  a  different  type  of  moist  soil,  were  orrartged 
in  a  rectangular  pattern  (Figure  2)  ond  were  separated  by  block  wolls  (Figure  3).  A 
heating  unit  (Figure  3)  provided  thermal  rodiotion  for  thawing  the  frozen  soils,  and 


a  stepwise  scanning  spectrometer  (Figure  4)  measured  gamma  radiation  emitted 
during  the  test.  Graded  (150-  to  300-micron)  Monterey  sand  treated  with  barium^^® 
and  then  covered  with  a  fused  layer  of  sodium  silicate  was  used  to  simulate  actual 
fallout  material.  Plastic  sheeting  was  placed  under  the  trays  to  decrease  the  prob¬ 
ability  of  contaminoting  the  chamber  through  accidental  spillage  of  the  radioactive 
simulant. 

Trays.  The  metal  trays  were  made  of  1/16-inch-thick  mild-steel  sheet,  and 
were  4  feet  square  by  6  inches  deep.  A  4-inch-wide  lip  was  formed  around  the  top 
and  bent  outward  at  a  45-degree  angle. 

Soils.  Four  different  soils  were  u.ed  to  represent  types  that  might  be  common 
in  areas  affected  by  cold  weather.  Those  used  were  beach  sand,  loam,  loam  mixed 
with  small  gravel,  and  crushed  sandstone  mixed  with  small  gravel.  All  were  obtained 
locally.  The  mixtures  were  prepared  on  a  50-50  volume  bosis  in  o  conventional  half- 
yard-capacity  concrete  mixer. 


Figure  1.  Sheet-metal  tray  ond  shielded  scintillation  probe. 
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Figure  3.  Setup  for  initial  fallout  migration  study  at  NCfcL. 
From  left:  heating  unit  on  troy  of  soil,  block 
walls,  detector  over  tray  of  soil. 


Figure  4.  Spectrometer. 
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Walls.  Hollow  8  X  8  X  16-inch  concrete  blocks  were  used  to  form  the 
separating  walls.  The  walls  were  in  the  form  of  a  cross,  with  each  equidimensional 
arm  composed  of  two  thicknesses  of  blocks.  By  using  half-  and  quarter-sized  blocks 
it  was  possible  to  build  the  wall  so  that  radiation  from  one  tray  could  not  travel  in 
a  straight  line  and  affect  radiation  readings  over  any  of  the  ether  trays.  The  voids 
in  the  blocks  were  filled  with  moist  sand  to  further  minimize  side-radiation  effects. 

Heating  Unit.  A  radiani  heating  unit  (Figure  5)  was  constructed  from  ten 
5-foot-long  heating  elements,  aluminum  sheet,  and  fiberglass  insulation.  The  heating 
elements  were  wired  alternately  in  separate  groups  of  five  each  and  were  insulated 
from  the  metal  cover  by  pieces  of  asbestos  board.  A  sheet  of  polished  aluminum  was 
placed  behind  the  heating  elements  to  reflect  heat  downward  onto  the  soils.  Power 
was  supplied  to  the  unit  through  controls  outside  the  chamber;  the  controls  were 
always  turned  off  when  personnel  were  working  inside  the  chamber.  Control  sections 
consisted  of  a  safety  switch,  a  rheostat,  a  voltmeter,  and  an  ammeter,  with  a  separate 
section  wired  to  each  group  of  heating  elements. 


Figure  5.  Heoting  unit,  showing  heating  elements  and  polished  aluminum  sheet. 
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Spectr  .  lefer.  A  description  of  the  spectrometer  is  given  in  Appendix  A. 
Facilities  at  N^/C,  Point  Mugu 

The  second  series  of  tests  was  conducted  in  a  small  environmental  chamber  at 
the  Naval  Missile  Center,  Point  Mugu,  California  (Figure  6).  Four  sheet-metal  trays 
similar  to  the  ones  used  in  the  first  test  series  but  only  a  fourth  as  large,  each  con¬ 
taining  a  different  type  of  moist  soil,  were  arranged  in  a  line  (Figure  7)  and  were 
separated  from  each  other  by  t  lock  walls  (Figure  8).  A  smaller  heating  unit  than  the 
one  used  at  NCEL  was  employed  for  thawing  the  frozen  soils.  A  scaler  (Figure  9) 
an  i  a  multichannel  analyzer  (Figure  10)  were  used  to  measure  radlotion  emitted 
during  the  test.  A  mixture  of  fission  products  in  soil  (else  called  fallout  or  notural 
fallouti  and  two  types  of  fallout  simulant,  cne  fused  and  the  other  leachable,  were 
used  in  this  test.  Plastic  sheeting  was  oicced  under  the  trays  as  in  the  initial  experi¬ 
ment  to  protect  the  chamber  from  contamirxjtion  by  accidental  spillage  of  radioactive 
materials. 


Figure  6.  Enviroime”*al  chamber  at  NMC,  Point  Mugu, 
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Troys.  The  metcl  troys  were  mode  of  1/16-inch-thick  mild-steel  sheet,  but 
were  only  2  feet  square  by  3  inches  deep.  The  reduction  in  size  was  mode  to  reduce 
the  waste-disposal  problem.  A  3-lnch-wide  lip  was  formed  around  the  top  and  bent 
outward  at  a  45-degree  angle,  similar  to  the  trays  used  previously. 

Soils.  The  same  four  soil  mixtures  were  used  in  the  tests  at  Mugu  as  were 
used  in  the  NCEL  tests.  Preparation  was  essentially  the  same,  except  for  a  lower 
capacity  cement  mixer. 

Walls.  Hollow  concrete  blocks  used  to  make  the  walls  in  the  NCEL  tests 
were  re-employed  at  Mugu.  Due  to  the  dimensions  of  the  Mugu  chamber  it  was 
necessary  to  lay  the  trays  in  a  straight  line,  with  short  block  walls  built  across  the 
chamber  to  separate  the  trays.  These  walls  were  4  feet  long  ond  3  feet  high,  with 
the  blocks  staggered  to  minimize  straight-line  ladiation  effects.  Voids  in  the  blocks 
were  filled  with  moist  sand  to  provide  additional  radiation  shielding. 

Heating  Unit.  The  radiant  heating  unit  used  at  Mugu  was  a  modification  of 
the  one  used  at  NCEL,  The  materials  of  construction  were  the  s^ime,  except  that 
only  five  heating  elements  were  used.  The  unii  was  reduced  in  width  to  correspond 
with  the  reduction  in  heating  elements.  Power  wos  supplied  by  a  220-volt  outlet 
on  the  outside  of  the  building.  A  twist-lock  plug  was  used,  and  a  safety  switch  had 
to  be  thrown  to  complete  the  circuit. 

Meosuring  Equipment.  A  d*scriptIon  of  the  equipment  used  to  detect  and 
measure  radiation  Is  included  os  part  of  Appendix  A. 


PROCEDURES 

The  basic  radiological  safety  procedures  followed  in  these  experiments  ore 
given  In  Appendix  8. 

After  either  test  facility  was  assembled,  the  chamber  temperature  was  lowered 
to  25®  F.  When  the  soils  were  frozen,  the  heoting  unit  wos  placed  on  one  troy  and 
the  power  turned  on.  After  a  predetermined  period  the  power  wos  turned  off,  the 
heating  unit  was  removed  from  the  tray,  and  the  depth  of  thaw  in  the  soil  wos  meas¬ 
ured.  The  heating  unit  wos  replaced,  and  thawing  continued  until  opproximotely 
2  inches  of  soil  was  thawed.  During  the  NCEL  tests  It  wos  found  that  this  took  obout 
an  hour  for  the  first  soil,  so  each  of  the  others  was  thowed  for  1  hour.  The  depth  of 
thaw  wos  checked,  and  in  eoch  cose  it  wos  found  to  be  approximately  2  inches.  The 
1-hour  thaw  period  was  used  during  the  NCEL  tests;  during  the  tests  at  Mugu  the 
period  was  decreased  to  45  minutes  in  order  to  allow  for  more  thow-refreeze  cycles. 
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When  the  soils  were  refrozen,  quantities  of  fallout  simulant  or  natural  fallout 
were  spread  over  the  surfaces  (Figure  11).  A  counting  procedure  was  established,  os 
given  in  Appendix  A,  after  which  the  initial  radiation  level  was  measured  over  each 
tray  (Figure  12).  Each  soil  was  thawed  and  allowed  to  refreeze;  this  procedure  was 
repeated  over  a  period  of  time,  with  radiation-levei  measurements  made  at  varying 
intervals.  After  a  number  of  thaw-freeze  cycles  the  troys  of  soils  were  vocuumed 
twice  to  remove  surface  radioactivity.  The  radiation  level  over  each  troy  was  meas¬ 
ured  immediately  before  and  immediately  after  each  vacuuming.  G>res  of  the  several 
contaminated  soils  were  obtained  during  the  Mugu  tests  in  hopes  that  successive 
layers  of  each  core  would  show  whether  or  not  migration  did  in  fact  occur. 

All  used  soils  were  placed  in  covered  galvanized  Iron  cons,  along  with 
contaminated  plastic  and  equipment  that  was  not  wanted.  This  waste  was  turned 
over  to  a  firm  licensed  to  dispose  of  radioactive  wastes. 


Figure  12.  Positioning  detectors  (Geiger 'Mueller  tube  and  scintillotion 
crystal  with  photomultiplier  tube)  over  troy  of  soil.  Assistant 
wearing  voice-powered  intercom. 


RESULTS 

Routine  health  physics  measurements  were  made  by  Laboratory  personnel  during 
the  NCEL  test  series.  The  Radiological  Safety  Officer,  Pacific  Missile  Ronge, 

Point  Mugu,  maintained  a  continuing  check  on  the  health  physics  aspects  of  the  tests 
conducted  at  Mugu.  On  completion  of  the  test  series  ond  following  final  cleonup  his 
report  wos  submitted  to  the  Loboratory  by  officiol  letter,  and  is  included  In  this 
report  os  Appendix  C. 

Table  I  shows  the  results  obtained  by  vacuuming  the  severol  soils,  together 
with  the  total  depth  of  each  soil  removed  by  the  two  vocuumings.  All  percentages 
are  based  on  unconverted  data  shown  os  the  "before"  and  "ofte'"  counts. 

The  table  shows  that  a  single  vacuuming  removed  at  least  88  percent  of  the 
detectoble  radioactivity  ot  NCEL.  A  second  vocuuming  increosed  the  removol  to 
96  percent,  irutrument  error  plus  overnight  decoy  con  occount  for  the  variation  in 
three  of  the  four  NCEL  sets.  The  fourth  voriotion  is  outside  any  expected  limit,  and 
no  reosonoble  explanation  for  this  con  be  found. 
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Table  i.  Effect  of  Vacuuming  on  Radiation  Level 


Tray 

No. 

First  Vacuuming 

Second  Vacuuming 

Total 

Percent 

Decrease 

Soil 

Depth 

Removed 

(in.) 

Counts/Minute 

Percent 

Removed 

Counts/Minute 

Percent 

Removed 

Before 

After 

Before  After 

NCEL:  Fused  Simulan 

tly 

1 

37,21 1 

2,002 

94.6 

3,109  2,1.57 

30.6 

96.3 

3/32 

2 

29,884 

3,103 

89.6 

3,110  970 

68.8 

96.8 

1/16 

3 

34,994 

3,951 

88.7 

3,814  1,041 

72.7 

96.9 

1/8 

4 

34,259 

3,050 

91.1 

2,862  1,292 

54.9 

96.0 

1/16 

Mugu:  Fused  Simulant 

1 

7,324 

635 

91.33 

<1/16 

2 

6,218 

123 

98.02 

18 

7,835 

146 

98.14 

1/8 

4 

_ 1 

8,390 

244 

. 

96.99 

1/16 

Mugu: 

Leachable  Simulont 

1 

2,950 

82 

97.22 

r 

>1/16 

2 

3,943 

124 

96.86 

1/fl 

•  / 

3 

5,125 

154 

97.00 

l/'8 

4 

4,518 

728 

83.90 

270 

94.03 

<1/16 

Mugu:  Fission  Products 

1 

2,808 

79.8 

97.2 

1/8 

2 

1,959 

69.8 

96.44 

3/16 

3 

2,106 

73.4 

96.51 

1/8 

4 

1,992 

88.5 

95.55 

1 _ 

3/32 

Jy  Data  under  first  vacuuming  at  NCEL  are  in  counts  per  1/2  minute. 


During  the  tests  at  Point  Mugu  the  first  vacuuming  removed  from  83  to 
98  percent  of  the  detectable  activity.  In  only  one  instance,  as  shown,  did  the 
second  vacuuming  produce  a  significant  change  in  the  percent  activity  removed. 

Ail  others  were  within  the  range  of  instrument  error. 

Figure  D-1  in  Appendix  D  shows  tSe  radiation  levels  after  successive 
thaw-freeze  cycles  as  measured  during  the  initial  tes^s  at  NCEL.  The  actual 
measurements  are  corrected  for  decay.  (If  neither  decay  nor  migration  had  taken 
place,  all  values  would  have  remained  at  the  initial  radiation  level.)  The  curves 
show  an  Increase  in  radioactivity,  rather  than  the  uniform  Intensity  that  would  be 
expected.  Variations  in  the  power  supply  or  the  performance  of  internal  compo-  - 
rents  of  the  counting  equipment  may  account  for  the  Increase. 

Figure  vO-2  shows  the  rodlatlon  levels  after  a  varying  number  of  cycles  during 
the  Mugu  tests.  These  data  o'so  have  been  converted  to  indicate  the  original 
activities  required.  The  line  shown  with  each  set  of  data  points  is  an  average  of 
the  points;  Its  location  was  detenmlned  by  the  least-squares  method.  The  majority 
of  these  lines  indicate  at  least  a  slight  increase  in  activity  whether  the  maximum 
value  of  a  peak  or  the  total  count  under  a  peak  Is  used.  However,  the  data 
obtained  by  using  a  Geiger-Mueller  tube  as  the  detector  indicates  o  decrease  in 
activity  in  two-thirds  of  the  cases. 

G)re  samples  were  taken  from  the  various  trays  of  soils  used  at  Mugu;  layers 
of  the  soil  mixtures  were  removed  from  each  core  and  the  radiation  level  measured. 
This  was  successful  only  with  the  fission  products,  and  then  to  a  limited  degree.  The 
results  from  this  one  group  of  cores  ore  shown  as  Figure  D-3.  The  highest  count  from 
a  layer  of  each  core  was  arbitrarily  equated  to  100  counts,  and  the  counts  in  the 
other  layers  of  the  core  reduced  proportionately.  In  getting  the  layers  from  the 
loam-gravel  and  crushed  sandstone-gravel  mixtures,  particles  obviously  different 
from  the  soil  mixture  were  observed  around  the  pieces  of  gravel.  The  particles 
closely  resembled  the  fission  product  mixture  in  size  and  color,  so  such  wos  assumed 
to  be  their  identity. 

It  was  rwted  incldentolly  that  the  loam  and  the  loam-gravel  mixture  both 
suffered  extensive  crocking  urMler  the  thow-freeze  cycling. 


DISCUSSION 

The  initial  tests,  at  NCEL,  showed  that  a  single  vacuuming  could  remove 
88  percent  of  the  detectoble  octivity,  along  with  about  a  1  /16-inch  loyer  of  the 
soil  surface.  It  was  assumed  that  essentially  rx>ne  of  the  follout  simulant  had 
migrated  vertically  In  any  of  the  soil  systems.  The  simulont  employed  wos  a  non- 
leachable  type;  that  is,  contact  with  water  would  rsot  dissolve  the  radioisotope, 
nor  would  chemical  action  remove  the  activity. 
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Since  natutdl  fallout  is  at  least  partially  leachable,  it  was  felt  that  aciditional 
tests  should  be  run,  using  both  fused  and  leachable  simulants,  and  true  fallout  mote- 
rial  as  well.  Also,  in  view  of  the  apparent  increase  in  initial  activity  required  to 
produce  the  radiation  levels  measured,  it  was  decided  to  use  two  or  more  different 
detection  systems.  The  spectrometer  system  used  previously  was  partly  inoperable, 
so  it  could  not  be  employed  for  comparison  purposes. 

In  comparing  the  results  of  the  NCEL  tests  and  the  first  tests  at  Point  Mugu 
it  is  seen  that  the  results  of  the  latter  tests  are  more  accurate;  that  is,  the  variation 
in  data  at  Mugu  was  between  ±10  percent,  while  at  NCEL  the  variation  was  more 
than  10  percent.  Most  of  the  variation  in  the  NCEL  tests  was  in  the  latter  part  of 
the  work,  and  con  be  attributed  to  irregularities  In  the  counting  equipment.  As 
noted  above,  the  spectrometer  did  break  down  subsequent  to  its  use  In  these  tests. 

Radiation  measurements  over  the  individual  trays  do  not  provide  conclusive 
evidence  that  migration  occurred.  Although  counting  with  the  Geiger  tube  system 
is  fairly  consistent  in  indicating  migration,  the  values  of  the  two  photo  peaks 
obtained  from  successive  spectra  are  even  more  consistent  In  denying  migration. 

The  core  sample  data  (Figure  D-3),  however,  provide  a  firm  indication  that 
migration  did  occur.  The  radioactive  material  generally  was  in  a  layer  approximately 
1/32  incl.  thick  initially;  any  radiation  detected  below  that  depth  could  come  only 
from  migrated  activity,  natural  background,  or  contaminated  Instruments.  The 
detection  of  strong  activity  below  1/16  inch  of  depth  is  firm  proof  that  migration 
took  place.  The  activity  detected  In  the  loam  core  may  have  been  the  result  of 
leaching;  no  fission  product  particles  were  observed.  Actual  particles  were 
observed  along  the  surfaces  between  gravel  fragments  and  the  loam,  presumably 
getting  there  os  a  result  of  the  loam  freezing  and  separating  from  the  grovel,  thus 
permitting  fallout  inclusion. 

It  is  unfbrtunote  that  the  cores  from  the  fallout  simulants  were  unsot isfoctory; 
as  a  result,  the  comparison  between  fission  products  orsd  simuloted  fallout  connot  be 
made  on  the  basis  of  the  best  confirmative  method.  The  surfoce  rodiotion  measure¬ 
ments  indicate  corresponding  results  between  simulated  fallout  ond  fission  products, 
but  these  cannot  be  compored  to  nonexistent  core  dota. 

It  must  be  emphasized  that  these  tests  were  conducted  under  loborotory 
conditions.  The  thaw-freeze  cycle  wos  decreased  to  one-fourth  a  rormol  cycle; 
thowing  the  soil  ond  allowing  it  to  refreeze  took  more  thon  2  hours,  but  generally 
takes  a  doy  under  natural  conditions.  The  intensity  of  heat  from  the  rodiont  unit  is 
about  eight  times  that  of  solar  radiation  at  sea  level.  The  constort  air  circulation 
between  the  working  area  and  the  refrigeration  coils  probobly  extracted  moisture 
from  the  soil;  this  extroction  might  be  less  under  noturol  conditions. 

Migration  of  fallout  by  leaching  or  particle  movement  has  been  shown  to  be 
of  relatively  mirsor  importance  in  these  tests.  Becouse  of  the  voriotion  between 
loborotory  and  natural  conditions,  there  may  be  some  virtue  in  conducting  field 
tests.  Such  tests,  however,  would  present  a  new  series  of  problems.  The  vagaries 
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of  weather  in  any  locale  would  be  a  major  problem,  with  precipitation  or  ice  for¬ 
mation  contributory  factors.  The  prevalence  of  some  form  of  vegetation  would 
require  consideration. 

If  such  tests  were  considered  necessary,  they  would  be  conducted  at  an 
appropriate  cold-weather  site.  Such  a  site  should  have  a  variety  of  soil  types,  or 
different  soils  could  be  imported.  If  the  latter  were  necessary,  the  soil  density 
should  be  determined  in  its  original  location,  ond  should  be  equalled  by  recompac¬ 
tion  at  the  test  site.  Natural  and  simulated  fallouts  could  then  be  spread  on  the 
soils  and  radiation  level  measurements  be  made  over  an  extended  period.  Core 
samples  could  be  taken  and  thin  layers  counted  to  determine  actual  migration. 


CONCLUSIONS 

1.  Migration  of  fallout  did  occur  by  leaching  and  by  particle  movement. 

2.  Migration  of  fallout  particles  probably  took  place  only  in  soils  with  a  wide 
range  of  particle  sizes. 

3.  A  simple  decontamination  method  removed  most  of  the  detectable  activity. 
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Appendix  A 

DETECTION  EQUIPMENT  AND  COUNTING  PROCEDURE 
SPECTROMETER  (af  NCEL) 

The  stepwise  scanning  spectrometer  consists  of  a  shielded  scintillation  probe 
(Figure  1),  a  spectrometer  section,  a  scaler  section,  and  a  printing  section  (Figure  4). 
The  probe  includes  a  thallium-activated  sodium  iodide  crystal  and  a  photomultiplier 
tube.  Radiations  from  a  given  source  are  registered  on  the  crystal  as  light  flashes. 
Each  flash  is  proportional  in  intensity  to  the  energy  deposited  in  the  crystal  by  a 
particular  gamma  ray.  The  flash  is  detected  by  the  photomultiplier  tube,  which 
converts  the  energy  to  an  amplified  voltage  impulse  and  transmits  the  impulse  to  the 
spectrometer  section.  The  impulse  is  again  amplified  and  its  magnitude  compared  to 
upper  and  lower  limits  which  are  determined  by  the  channel  being  counted.  If  the 
impulse  is  between  the  two  limits  a  signal  Is  sent  to  the  scaler,  which  registers  the 
signal  as  a  single  count. 

After  a  preset  time  the  scaler  quits  accepting  signals  or  impulses  from  the 
spectrometer.  The  scaler  then  tells  the  printing  section  to  record  the  channel  which 
wos  counted,  the  total  counts,  and  the  time  of  counting.  The  printer  does  this  and, 
if  the  assembly  is  set  for  automatic  operation,  switches  the  spectrometer  to  the  next 
channel.  At  the  same  time  the  printer  tells  the  scaler  to  accept  signals  from  the 
spectrometer  again,  and  the  cou-'^ing  begins  for  another  channel. 


ANALYZER  (at  Mugu) 

The  multichannel  analyzer  is  essentially  many  spectrometers,  each  preset  to 
register  only  impulses  between  different  specific  limits.  Instead  of  automotically 
switching  the  limits  after  a  preset  time,  the  analyzer  simultoneously  counts  on  all 
channels  for  the  desired  time  interval.  When  counting  is  complete,  switches  may  be 
adjusted  to  have  the  data  thus  obtained  reproduced  by  typing  the  counts  in  eoch 
channel,  or  by  reproducing  the  data  in  some  other  form. 


G-M  COUNTER  (at  Mugu) 

The  Geiger-Mueller  counting  system  consists  of  a  G-M  tube  and  a  scaler.  A 
high  voltage  is  impressed  on  the  tube,  i  .  radiation  causes  a  fluctuotion  in  this 
voltoge.  The  fluctuation  is  detected  in  the  scoler,  which  tells  a  counting  segment 
to  register  the  fluctuation  as  a  count.  No  differentiation  is  made  between  fluctuations 
coused  by  radiation  of  different  energies.  After  a  predetermined  time  the  scaler  is 
turned  off,  and  the  total  counts  ore  recorded. 
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COUNTING  PROCEDURE 


During  the  NCEL  tests  the  soils  were  frozen  and  covered  with  the  fused 
radioactive  faltout  simulant.  The  probe  was  positioned  over  the  center  of  one  of  fl.e 
trays  and  a  spectrum  obtained  (Figure  A-la).  The  peaks  corresponding  to  0.815  Mev 
and  1.6  Mev  are  quite  prominent,  so  they  were  monitored  during  the  experiment. 

The  gain  shown  in  Figure  A-la  was  doubled  for  She  1.6-Mev  peak  and  quadrupled 
for  the  0.815-Mev  peak  so  that  either  peak  could  be  measured  around  channel  40 
of  the  spectrometer.  A  seven-channel  spread  was  used  for  finding  the  total  number 
of  counts  in  each  peak.  The  spread  is  indicated  in  Figure  A-lb  for  the  0.815-Mev 
peak.  The  difference  in  peak  height  between  Figures  A-la  and  A-lb  is  attributable 
to  the  change  in  gain.  Correction  for  minor  changes  in  gain  were  made  by  moving 
the  seven-channel  spread  a  short  distance  along  the  spectrum  until  the  maximum 
count  rate  was  found. 

During  the  Mugu  tests,  while  using  the  fallout  simulants,  a  sealed  source  was 
used  to  set  the  analyzer  so  that  the  0.815-Mev  peak  fell  in  about  channel  40,  and 
the  1.6-Mev  peak  fell  in  channel  80.  While  using  the  fission  products  it  was  neces¬ 
sary  to  first  determine  the  spectrum  of  the  material  and  then  select  appropriate  peaks. 
The  same  sealed  source  was  used  to  Insure  thot  the  peaks  of  this  material  were  in  the 
same  channels  during  successive  readings.  It  was  also  necessary  to  take  several 
spectra  over  a  period  of  time  to  determine  the  half-lives  associated  with  the  peaks 
selected.  These  lialf-lives  were  used  to  calculate  original  activities.  The  fission 
products  are  a  classified  material,  so  the  peaks  monitored  cannot  be  identified. 

The  scintillation  probe  was  suspended  from  a  trolley  attached  to  the  bottom 
of  a  steel  T-beam  assembly  runnir»g  lengthwise  of  the  working  chamber  (Figure  12). 
The  G-M  tube  was  taped  to  the  outside  of  the  probe's  shielding,  and  all  connecting 
cables  were  taped  together.  While  measurements  were  being  made  with  the  multi¬ 
channel  analyzer,  the  G-M  counting  system  could  be  used  on  the  same  soil  and 
obtain  concurrent  doto. 
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Appendix  B 

RADIOLOGICAL  SAFETY  PROCEDURES  FOR  USE  OF  RADIOACTIVE 
SIMULANT  (Ba’^O-La’^)  IN  NMC 
POINT  MUGU,  CALIFORNIA,  ENVIRONMENTAL  LABORATORY 


1.  Rules  and  regulations  set  forth  in  Title  10,  Code  of  Federal  Regulations, 

Chapter  1,  Parts  20  and  30,  will  be  complied  with.  Also  the  licensee  will  adhere  to 
NCEL  Instruction  5100. IOC  of  11  October  1963,  and  will  adhere  to  current  Naval 
Missile  Center  instructions. 

2.  The  total  amount  of  activity  to  be  in  use  at  any  one  time  will  not  exceed 

1  millicurie  of  Barium ^ ^-Lanthanum or  an  equal  amount  of  true  fallout  material 
if  available.  This  will  give  a  dose  of  about  1.72  mllliroentgens  per  hour  at  one  yard. 
Since  this  is  to  be  divided  into  four  equal  parts,  the  dose  rate  from  any  of  the  four 
trays  used  will  not  exceed  approximately  15  mr/hr  at  6  inches  from  the  surface  of  the 
tray.  At  the  working  distance  of  2  feet  for  the  scintillation  counter  the  dose  rate 
should  not  be  over  1  mr/hr, 

3.  In  addition,  the  following  procedures  and  safety  regulations  are  to  be  followed: 

a.  The  materials,  as  received  from  their  separate  sources,  should  be  shipped 
in  a  container  which  complies  with  the  AEC  ond  U.  S.  Department  of  Commerce 
shipping  regulations. 

b.  The  looding  of  sand  into  the  trays  can  be  done  in  the  cold  chamber.  A 
10-mil  plastic  sheet  can  be  spread  under  each  tray  extending  3  feet  beyond  the 
edge  of  the  tray  to  collect  any  sand  which  may  spill  when  the  fallout  simulant  is 
being  spread  over  the  trays.  Protective  clothing,  mosks,  and  gloves  should  be  used 
during  the  spreading  operation.  People  engaged  in  this  operation  will  carry  pocket 
ionization  chombers  as  well  as  self-reading  electroscopes  (0-200  mr)  and  film  badges. 
The  operation  will  be  monitored  with  o  Cutie  Pie  Rodiation  Detector.  A  Colmon 
20-liter/min  air  sompler  or  on  acceptable  alternate  will  be  used  to  detect  any  air¬ 
borne  rodioactivity. 

c.  At  leost  one  licensed  user  will  be  present  ot  all  times  that  any  work  is 
being  done  in  the  cold  chombers. 

d.  The  cold  chamber  will  be  locked  ot  all  times  except  when  a  licensed  user 
is  present,  and  the  keys  will  be  retained  only  by  licensed  users. 

e.  Records  of  oil  readings  will  be  kept  in  a  logbook. 
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f.  During  the  entire  period  of  the  experiment  in  the  cold  chamber,  all 
personnel  entering  the  cold  chamber  (whether  for  experimental  work  or  for  main¬ 
tenance)  will  have  the  radiation  detecting  devices  mentioned  above.  While 
decontamination  procedures  are  being  tested,  all  personnel  will  wear  the  protec¬ 
tive  clothing  mentioned  in  parograph  3b,  and  the  air  sampler  will  oe  used. 

4.  Any  radioactive  waste  material  will  be  stored  in  an  appropriately  marked  can 
with  a  lid.  After  a  thorough  vacuum  cleaning  of  the  cold  chamber  to  remove  all 
loose  contaminotion,  all  material  removed  in  final  decontamination  procedures  w  II 
be  stored  in  this  waste  can. 

5.  Upon  completion  of  the  experiment,  all  the  sand  from  the  trays  and  other 
contaminated  material  (determined  by  survey  with  a  thin-wlndow  Geiger  tube  survey 
instrument)  will  be  placed  in  suitable  containers  for  disposal. 

6.  A  final  survey  of  the  chamber  and  trays  and  all  equipment  used  in  this  operation 
will  be  made  with  a  thin-window  Geiger  tube  survey  instrument. 

7.  All  contaminated  material  in  cans  will  be  picked  up  and  disposed  of  by  a 
commercial  disposal  company  such  as  U.  S.  Nuclear  Corporation,  License  No. 
4-5241-3,  Burbank,  California. 
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Appendix  C 

HEALTH  PHYSICS  MEASUREMENTS 
by 

Walter  L.  Milne* 


During  the  period  of  31  May  1964  to  29  July  1964,  the  U.  S.  Naval  Civil 
Engineering  Laboratory  (NCEL)  conducted  a  series  of  radioactive  fallout  experiments 
at  Point  Mugu,  California.  These  experiments  were  carried  out  in  Building  722-A 
(Figure  6)  in  accordance  with  Atomic  Energy  Commission  License  No.  4-7316-1  as 
amended. 

The  Pacific  Missile  Range  (PMR)  provided  continuing  health  physics  support 
during  the  experimental  period.  During  the  experiment  numerous  samples  were  taken 
to  determine  the  level  of  surface  contamination  (Figure  C-1).  A  continuous  air¬ 
monitoring  program  was  undertaken  to  determine  the  level  of  airborne  particulates 
(Figure  C-2),  and  routine  beta-gamma  environmental  surveys  were  conducted  to 
control  external  radiation  levels. 

Swipes  were  taken  at  seven  different  positions  Inside  the  environmental 
chamber.  Listed  below  are  the  highest  readings  found  on  each  sample  day  for  any 
of  the  samples  token. 


Concentration  (/ic/m^) 


Dote 

Beta 

Gamma 

5-26-64 

1.5  X  10’^ 

4  X  10"^ 

6-10-64 

1.5  X  10’^ 

4  X  10“^ 

6-23-64 

1.5  X  10‘^ 

5.7  X  10‘^ 

6-29-64 

1.5  X  10’^ 

4  X  10'^ 

7-21-64 

1.5  X  10'^ 

4  X  10"^ 

*Radiologicoi  Safety  Officer,  Headquarters,  Pacific  Missile  Ronge,  Point  Mugu, 
Californio. 
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Figure  C-2.  Air  sampler  used  during  fallout  migration  study. 


Air  samples  were  taken  continuously  between  13  May  1964  and  1  June  1964, 
and  between  22  June  1964  and  14  July  1964.  Samples  were  counted  for  both  beta 
and  gamma  activity  and  results  expressed  as  microcuries  (^c)  per  cubic  meter  (m^) 
of  air. 

The  isotopes  of  concern  in  the  first  two  experiments  are  Ba^^  and  La^^®, 
v/hich  exist  in  secular  equilibrium.  Ba^^®  levels  were  used  as  the  governing 
factor  since  it  has  the  lowest  maximum  permissible  concentration  (MPC)  in  air, 

1  X  10"^  4C  m^  of  air  for  a  40-hour  week.  Since  the  total  average  time  spent 
in  the  cnamber  by  experimental  personnel  was  less  than  4  hours  per  week,  the 
allowable  MPC  was  increased  by  another  factor  of  ten,  to  1  ^c/m^. 

In  the  third  experiment,  dealing  with  an  unknown  combination  of  radioisotopes, 
the  MPC  was  established  as  3  x  10”3  ^m^  of  air  (allowing  for  a  maximum  exposure 

of  4  hours  per  week).  Gamma  spectrum  analysis  revealed  an  age  and  decay  rate  that 
indicated  the  possible  presence  of  the  strontium  series;  therefore  the  MPC  for  Sr^® 
was  used  as  the  governing  factor.  With  the  exception  of  the  five  air  samples  listed 
below,  all  airborne  radioactivity  concentrations  were  lest  than  10"^^  jic/m^  (beta) 
and  10“^  ^c/m^  (gamma). 


2 

Concentration  (;ic/m  j 


Dates 

Beta 

Gamma 

5-15-64  to  5-18-64 

2.54  X 

10-'^ 

3.97  X  10’^ 

5-26-64  to  5-27-64 

6.73  X 

,0-" 

1.72  X  lO’^ 

6-24-64  to  6-25-64 

1.91  X 

I0-" 

1.03  X  10“^ 

6-29-64  to  6-30-64 

3.47  X 

,0-" 

6.93  X  10"’^ 

7-  8-64  to  7-14-64 

8,18  X 

I0-" 

1.24  X  10"^ 

Following  assay  of  the  6-24  to  6-25  sample,  NCEL  personnel  were  issued  and 
instructed  to  use  respirators  when  working  in  the  environmentol  chomber.  The  MSA 
Type  H  particulate  filter  was  specified  because  of  its  high  efficiency  in  filtering 
particles  down  to  submicron  diameter.  Subsequent  ossay  of  the  filter  surfaces  using 
a  G-M  detector  showed  no  significont  octivity. 

Accepted  levels  for  whole  body  rriaximum  permissible  dose  (MPD)  are 
100  milliroentgens  (mr)  per  week  in  controlled  areos  and  10  mr  per  week  in  non- 
control  led  areas.  Periodic  surveys  were  taken  on  oil  sides  of  the  environmental 
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chamber.  At  no  time  did  the  integrated  dose  outside  the  chamber  exceed  0.8  mr 
per  week,  which  is  well  within  the  allowable  limits.  The  highest  level  inside  the 
chamber  was  found  3  inches  over  the  top  of  the  fallout  trays,  during  the  first 
experiment.  This  level  was  1.5  mr  per  hr  or  60  mr  per  40-hour  week,  again  within 
allowable  limits. 

At  the  completion  of  the  experiment  the  chamber  was  decontaminated  by 
NCEL  personnel.  Following  decontamination,  swipe  samples  were  token  and 
assayed.  No  removable  radioactivity  was  found. 

In  summary,  it  may  be  stated  that 

1.  At  no  time  did  the  level  of  surface  contamination  exceed  the  maximum 
permissible  levels. 

2.  Environmental  radiation  levels  in  the  vicinity  of  Building  722 -A  were 
maintained  within  prescribed  limits. 

3.  On  several  occasions  the  level  of  airborne  particulates  approached  the 
maximum  permissible  concentration  as  defined  by  Title  10,  Code  of 
Federal  Regulations,  Part  20.  PMR  action  was  to  require  personnel  to  use 
respirators  when  working  inside  the  experimental  chamber  of  Building 
722-A. 

4.  On  completion  of  the  experiment  the  chamber  was  decontaminated  by 
NCEL  personnel.  No  removable  radioactivity  was  found,  and  the  decon- 
tomination  was  certified  as  complete. 


Appendix  D 
DATA  CURVES 
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Figure  0-2o.  Mugu  radiofion  levels,  offer  stKcessive  tHow-freeze  cycles, 
for  fused  simulonf  ort  sond.  (G>rrected  for  decoy.) 
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Figure  0-2b.  Mugu  radiotion  levels,  after  successive  il.ow-freeie  cycles, 
for  fused  simulont  on  loam.  (G>rrected  for  decoy.) 


Figure  0-2c,  Mogu  radiation  levels,  offer  successive  thaw-freeze  cycles, 

for  fused  simulont  on  loom  and  grovel.  (Corrected  for  decoy.) 
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Figure  0-2h.  Mugu  rodlah'on  levels,  after  successive  thow-lreeze  c/cies, 
for  leocKoble  simulant  on  crushed  sandstone  and  gravel. 
(Corrected  for  decay.) 
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Figure  D-2j.  Mugu  rodiafion  levels,  after  successive  t+ww-freeie  cycles^ 
for  nafurai  fallout  on  loom.  (Corrected  for  decoy.) 
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Figure  D-2k.  Mugu  rodiation  levels,  offer  successive  thow-freere  cycles, 
for  natural  fallout  on  loc.n  and  grovel.  (Corrected  for 
decoy.) 
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Figure  D-21.  Mugu  radiofion  levels,  offer  successive  thow-freeze  cycles, 
for  r>afurol  follouf  on  crushed  sandstone  and  grovel. 
(Corrected  for  decoy.) 
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DISTRIBUTION  LIST 


SNDL 

No.  of 

Totol 

Code 

Activities 

Copies 

1 

10 

Chief,  Bureau  of  Yards  ond  Docks  (Code  42) 

23A 

1 

1 

Naval  Forces  Commanders  (Taiwan  only) 

39B 

2 

2 

Construction  Bottalions 

39  D 

5 

5 

Mobile  Construction  Battalions 

39E 

3 

3 

Amphibious  Construction  Battalions 

39F 

1 

2 

Construction  Battalion  Base  Units 

A2A 

1 

1 

Chief  of  Naval  Research  •  Only 

A3 

2 

2 

Chief  of  Novol  Operorion  (OP  07,  OP-04) 

A5 

5 

5 

Bureaus 

B3 

2 

2 

Col  1 eges 

E4 

1 

2 

Laboratory  ONR  (Washington,  D.  C.  only) 

E5 

1 

1 

Research  Office  ONR  (Posodeno  only) 

E16 

1 

1 

Troinmg  Device  Center 

F9 

7 

7 

Station  —  CNO  (Boston.  Key  West,  Son  Juon,  Long  Beach, 

San  Diego.  Treasure  Island,  and  Rodmon,  C.  Z.  only) 

F17 

6 

6 

Communication  Stotion  (San  Juan,  Son  Froncisco,  Pearl  Harbor, 
Adak,  Aloska,  ond  Guom  only) 

F41 

1 

1 

Security  Station 

F42 

1 

1 

Radio  Stotion  (Oso  and  Cheltonhom  only) 

F48 

1 

1 

Security  Group  Activities  (Winter  HorUor  only) 

F61 

2 

2 

Naval  Support  Activities  (London  or.d  Noples  only) 

F77 

I 

1 

Submarine  Bose  (Groton,  Conn,  only) 

F8i 

2 

2 

Amphibious  Boses 

H3 

7 

7 

H.'ispitol  (Chelseo.  St  Alborrs,  Portsmouth,  Vo.,  Beaufort, 

Oieot  Lokes.  Son  0>ego,  ond  Comp  Pendleton  only) 

M6 

\ 

1 

Medico'  Center 

Jl 

2 

2 

Admmi  strotion  Commond  onC  Unit  —  BuPers  'Great  Lokes  ond 
Son  Diego  only  1 

J3 

1 

1 

U  S.  F 'eel  Anti  Air  Warfare  Tromiog  Center  iVirg-mo  Beoch  on 

J19 

1 

1 

Receiving  Stnrion  iB»Ooktyn  unlyl 

J34 

1 

1 

Slot.cn  -  BuPers  iWostungton  D.  C  only' 
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J46 

1 

1 

Personnel  Center 

J48 

1 

1 

Construction  Troming  Unit 

J60 

1 

1 

School  Academy 

J65 

1 

1 

School  CEC  Officers 

J84 

1 

1 

School  Postgrodoote 

J90 

] 

1 

School  Supply  Corps 

J95 

1 

1 

School  War  College 

J99 

1 

1 

Communication  Training  Center 

LI 

11 

n 

Sh 1 py ord  s 

L7 

4 

4 

Loborotory  —  BuShips  INew  London,  Ponamo  City,  Corderock, 
and  Annapolis  only) 

L26 

5 

5 

Naval  Facilities  —  BuShips  (Antiguo,  Turks  Islond,  Barbados, 

San  Salvador,  ond  Eleuthero  only) 

L42 

2 

2 

Fleet  Aci.vities  —  BuShips 

M27 

4 

4 

Supply  Center 

m28 

6 

6 

Supply  Depot  (except  Guontonomo  Boy,  Subic  Bay,  and  Yokosuka) 

M6I 

2 

2 

Aviation  Supply  Office 

Nl 

6 

18 

BuDocks  Director,  Overseas  Division 

N2 

9 

27 

Public  Works  Offices 

N5 

3 

9 

Construction  Bottulion  Center 

N6 

5 

S 

Construct  0.".  OffiCei  .'.  Charge 

N7 

I 

1 

Con  structi on  Resident-Off'Ce'-in  Chorge 

N9 

6 

12 

Public  Works  Center 

N14 

1 

1 

MouS-ng  Activity 

R9 

2 

2 

Recruit  Depots 

RIO 

2 

2 

Supply  In  s  tal  1  otion  s  (Albony  ond  Borstow  only) 

R20 

1 

1 

Morine  Corps  Schools  (Quontico) 

R64i 

3 

3 

Marine  Corps  Bose 

R66 

1 

1 

Morine  Corps  Comp  Detochment  (Tengon  only' 

WlAl 

6 

6 

Air  Stotan 

wlA2 

3S 

35 

All  Stat  on 

WIB 

8 

8 

A<*  Station  Au  ■  '  1 1  O' y 
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Activities 


T Ota  I 
Copies 


Air  Focility  (Phoenix,  Naha,  ond  Naples  only) 


6 

9 

1 

1 


6  Marine  Corps  Air  Station  (except  Ouantico' 

9  Station  -  BuWeps  (except  Roto) 

1  Deputy  Chief  of  Stoff,  Reseorch  ond  Development,  Headquarters, 

U.  S.  Marine  Corps,  Woshington,  D  C. 

1  President,  Marine  Corps  Equipnient  Boord,  Mariri(.  Corps  School, 

Ouantico,  Va. 


1 


1 


1 


1 


1  Chief  of  Staff,  U.  S.  Army,  Chief  of  Research  and  Development, 

Department  of  the  Army,  Washington,  D.  C. 

1  Office  of  the  Chief  of  Engineers.  Assistont  Chief  of  Eng  rieering 

for  Civil  Works,  Department  of  the  Army,  Wosh  ngfon,  D.  C. 

1  Chief  of  Engineers,  Department  of  the  Army,  Woshington,  D  C  , 

Attn:  Engineering  Reseorch  ond  Development  Division 

1  Chief  of  Engineers,  Deportment  of  the  Army,  Wosh'ngton,  D  C-, 

Attn:  ENGCW-OE 


1 

1 

1 


1 


I 


1 

I 

1 

1 

1 


3  Heodqua  ters,  U.  S.  Air  Force,  Ditectorote  of  Civil  Engineering, 

Washington,  D.  C.,  Attn:  AFOCE-ES 

1  Commanding  Officer,  U-  S-  Novot  Construction  Bottolion  Center, 

Port  Hueneme,  Colif.,  Attn:  Materiel  Dept,,  Code  140 

I  Deputy  Chief  of  Stoff,  Development,  Director  of  Reseorch  ond 

Development,  Deportment  of  the  Air  Force  Woshmgion,  D.  C 

1  Director,  Not  onol  Bureau  of  Stondords  De^  jrtment  of  Commerce, 
Connecticut  Avenue  Woshington,  D  C 

2  Office  of  the  Director.  U  S.  Coost  ond  Geodetic  Su».ey. 

Washington.  D.  C 

20  Defense  Doc  urrientotion  Center,  Building  b  Camr'on  Stolion 

Alesondrii,  Vo 

2  Director  of  Defense  Reseorch  ond  Engineering  Oepoitmer't  of 

Defense  Woshington  Q,  C 

2  Director  Bureau  of  Reclamotion  Washington  D  C 

1  Fat'l'iies  Off  ier  Code  109  office  of  Noval  Research 

Wa  sh  I  n  gf  cm  Q  ^ 

1  F  edei  J  A  V  .jt  cm  Agency 

Amm  i  t"  y  ^ 

7  Director.  Defense  Atoimc  Vtpwort  Agenvy.  Waih.ngtan,  D  C..  Attn  Bios' 

ond  Shock  Drv-Srcn 
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Contmandar  Naval  Baach  Group  Twa,  U.  S.  Naval  Ainphibiou*  Base, 

Littia  Croak,  Norfolk,  Vo. 

Commondar,  Pacific  Mittila  Ranga,  Tachnical  Oocumantation  Saction, 

P.  0.  Bo*  10,  Point  Mugu,  Colif.,  Attn:  Coda  4332 

U.  S.  Army  Engmaar  Rataorch  orni  Davalopmant  Loborotoriai,  Attn:  STINFO 
Branch,  Fort  Balvoir,  Vo. 

Diractor,  U.  $■  Naval  Ordnonca  Loborotory,  Whita  Oak,  Silvar  Springs,  Md. 

Offica  of  Naval  Rosaarch,  Bronch  Offica,  Novy  No.  100,  Box  39,  FPO,  New  York 

U.  S.  Naval  Radiologicol  Oafanta  Laboratory,  Son  Francisco 

Officer  in  Chorga,  CECOS,  Port  Huanama,  Calif.,  Attn:  ADCE  Course 

U.  S.  Air  Force,  Asst.  Chief  of  Stoff,  Intalliganca,  Building  B,  AHS, 

Washington,  0.  C.,  Attn:  Mr.  Sargent  White 

Commander,  Space  Systems  Division,  Los  Angelas  Air  Force  Station,  Los  Angelas, 
Colif.,  Attn:  SSSD 

Directorate  of  Rasaorch,  Air  Force  Weapons  Loborotory,  Kirtlond  Air  Force 
Base,  N.  M. 

Offica  of  the  Chief  of  Engineers,  Department  of  the  Army,  T*7,  Gravelly 
Point,  Washington,  D.  C.,  Attn:  ENGNB 

Commanding  Officer,  Engineer  Research  and  Development  Laboratories, 

Fort  Belvoir,  Vo. 

Office  of  the  Chief  of  Engineers,  Deportment  of  the  Army,  T-7,  Gravelly 
Point,  Washington,  D.  C.,  Attn;  ENG  MC'EB 

Director,  U.  S.  Army  Engineer  Waterways  Experiment  Station,  P.  0.  Box  631, 
Vicksburg,  Miss.,  Attn:  Mr.  G.  L.  Arbuthnot,  Jr. 

U.  S.  Army  Chemical  Center,  Nuclear  Defense  Loboralsry,  Edgewood,  Md. 

Director,  Ballistic  Research  Loborotones,  Aberdeen,  Md. 

Director,  Defense  Atomic  oupport  Agency,  WoshmgtOTr,  D.  C.,  Attn:  Library 

Headquarters,  Field  Commond.  Defense  Atomic  Support  Agency,  Sondio  Bose, 
Albuquerque,  N.  M. 

U.  S.  Atomic  Ertergy  Commission,  Technical  Informotior.  Service,  P.  0.  Box  62, 

Oak  Ridge,  Tenn. 

Director,  Civil  Effects  Tee*  Group,  Atomic  Ertergy  Commission,  Washington,  D.  C. 

Formuloliort  end  Analysis  Branch,  Mathematics  end  Computation  Loborotory, 
National  Resource  Evolvotien  Center,  Office  of  Emergency  Plonnmg, 

Washington,  D.  C 

Library  of  Congress.  Washington.  D  C. 

Chief,  Input  Section,  Cleeringhovse  for  Federal  Scientific  end  fechnicel 
Irtfenration,  CFSTI,  Sills  Building,  S2t5  Pert  Royol  Reed,  Springfield,  Va. 
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No.  of  Total 

Aciivifces  Copies 

1  1  Disaster  Recovery  Troirting  Officer,  Code  450,  Construction  Battolion  Center.. 

Davisville,  R.  I. 

'  ^  Commanding  Officer,  Beillistic  Research  Laboratories,  Attn:  AMXBR-TB, 

Mr,  William  J.  Taylor,  Aperdeen  Prov  ngs  Ground,  Md. 

1  1  LCDR  Charles  W,  Gulick,  Jr.,  CEC,  USN,  Novy  No.  926,  FPO,  Son  Francisco 

I  I  COR  J.  C.  LeDoux,  Bureau  of  Yards  and  Docks,  Department  of  Navy, 

Washington,  D.  C. 

1  1  CAPT  W.  M.  McLellon,  CEC,  USN,  Ret.,  468  Jst  Street,  Albony,  N.  Y. 

1  1  LT  Edward  S.  Perry,  U.  S.  Naval  Reserve  Officers  Training  Corps  Unit, 

University  of  Illinois,  Urbano,  III. 

1  1  CAPT  L.  N.  Saunders,  CEC,  USN,  Code  CIO,  U.  S.  Naval  Construction 

Battalion  Center,  Port  Hueneme,  Colif. 

)  1  COR  E.  M.  Saunders,  CEC,  USN,  Chief  of  Novol  Materiel,  Deportment  of  the 

Navy,  Washington,  D.  C. 

1  1  CDR  R.  C.  Vance,  CEC,  USN  Logistics  Director,  U.  S.  Novol  Civil 

Engineering  Laboratory,  Port  Hueneme,  Calif. 

I  1  CDR  W.  A.  Walls,  CEC,  USN,  Disaster  Control  Division,  Bureou  of  Yards  and 

Docks,  Woshington,  D.  C. 

1  )  LT  COL  Charles  0.  Daniel,  USA,  Defense  Atomic  Support  Agency,  Washington,  D.  C. 

I  1  Mr.  L.  Neal  FitiSimons,  Office  of  Civil  Defense.  Depooment  of  Defense, 

Washington,  0.  C. 

f  1  Mr,  Ben  Taylor,  Office  of  Civil  Defense,  Depcifment  of  Defenie,  Woshington,  D.  C. 

1  I  Mr.  Chorles  M.  Eisenhauer,  Rodiation  Physics  Loborotory,  No'ional  Bureau  of 

Standords,  Washington,  D.  C. 

I  1  Mr.  0  H.  Hill,  Building  12,  Room  SOS,  Rodiotion  Physics  Division,  Notionol  Bureau 

of  Standards,  Washington,  D,  C. 

1  1  CDR  J,  D.  Andrews,  CEC,  USN,  Executive  Officer,  U.  S.  Novol  Civil  Engineering 

Laboratory,  Port  Hueneme.  Calif. 

1  1  CAPT  W.  J.  Christensen,  CEC,  USN.  Commanding  Officer  ond  Director.  U.  S.  Novol 

Civil  Engineering  Laboratory,  Port  Hueneme.  Calif. 

1  1  CDR  J.  F  Dobson,  CEC,  USN,  Office  of  Civil  Defense.  Deportment  of  Army, 

Washington,  D.  C. 

I  1  LCDR  0.  L  Dixon  CEC.  USN,  U.  S.  Novel  School.  CEC  Officers.  Port  Hueneme, 

Colif,  i 

1  1  LCDR  N.  W.  Clements,  CEC.  USN,  Navy  Nuclear  Power  Unit,  Fen  Belvoir,  Vo. 

I  I  CDR  C  Curi.one.  CEC.  USN,  Resident  Oll'cer-In-Cherje-Of-Censtrottien,  Long 

Beoch  Area.  P  0  Bex  XX,  Seel  Beech.  Celif. 


COR  P.  A  Phelps.  CEC.  USN.  Sciertce  Dept.,  U.  S.  Novel  Academy,  Annapolis.  Md. 


DISTRIBUTION  LIST  (Cont'd) 


Totol 

Copies 

1  LCDR  T.  Yoshihoro,  CEC,  USN,  ROICC,  Southeast  Asia,  APO  )43,  Son  Francisco 

1  LT  L.  K.  Donovon,  CEC,  USN,  u.  S.  Novol  Communication  Stofion,  Novy  No.  85, 

FPO,  Son  Froncisco 

1  LCDR  Wolter  J.  Eager,  Jr.,  CEC,  USN,  AFRRI-NNMC,  Bethesdo,  Md. 

I  CDR  W.  J.  Froncy,  CEC,  USN,  United  Stotes  Novol  Academy,  Annopolis,  Md. 

1  Dr.  Louriston  S.  Taylor,  Chief,  Radiation  Physics  Division,  National  Bureau  of 

Standards,  Woshington,  D.  C. 

I  Dr.  James  0.  Buchanan,  Research  Oirectorote,  Office  of  Civil  Defense, 

Washington,  D.  C. 

1  Mr.  Jock  C.  Greene,  Office  of  Civil  Defense,  Department  of  Defense,  Washington,  D.  C. 

1  Dr.  Harold  A.  Knapp,  Fallout  Studies  Branch,  Division  of  Biology  ond  Medicine, 

U.  S.  Atomic  Energy  Commission,  Washington,  D.  C. 

1  Or.  Karl  Z.  Morgan,  Director,  Health  Physics  Division,  Oak  Ridge  Nationol  Loboratory, 

Oak  Ridge,  Tenn. 

I  Or.  Jaseph  0.  Coker,  Notional  Resource  Evoluotion  Center,  Executive  Office  Building, 

Washington,  D.  C. 

1  Dr.  Charles  F.  Ksonda,  Military  EvoluOtion  Division,  U.  S.  Naval  Rodiologicol 

Defense  Laboratory,  Son  Francisco 

1  Mr.  John  Auxier,  Oak  Ridge  National  Loborotory,  Ook  Ridge,  Tenn. 

I  O'.  William  Kreger,  Naval  Radiological  Defense  Loborotory,  Son  Froncisco 

I  Dr.  Hons  Tiller,  Nuclear  Defense  Loborotory,  Army  Chemicol  Center,  Md. 

I  Mr.  Irving  Gaskill,  Notional  Resource  Evoluotion  Center,  Executive  Office  Building, 

Washington,  D.  C 

I  Mr.  George  Sissnn,  Office  of  Civil  Defense,  Deportment  of  Defense,  Woshington,  D.  C. 

1  Mr,  James  C.  Pettee.  Notionol  Resource  Evoluotion  Center,  Executive  Office  Building, 

Washington,  Q.  C. 

1  LCDR  I.  D.  Crowley,  cEC,  USN,  Blast  ond  Sh  ock  Division,  Dofonst  Atoniic  Support 

Agoncy,  Woshington.  0.  C- 

\  CAPT  H.  L.  MufpKy,  Room  2^1,  Fodorol  OHtco  Building,  Son  Froncisco 

I  LCDR  W,  H.  Bannister,  CEC.  USN.  Field  Commend,  Defense  Atomic  Support  Agenev 

Sond'd  Bose,  Albuquerque,  N.  M. 

I  Motor  Robert  Crowford.  USAF,  Air  Force  Weapons  Loborotory.  Kirtlond  Air  Force 

Bose,  Albuqvierque,  N.  M. 
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1  Mr.  J.  F  lomonini,  A4  £  Development  Division,  Office  of  Civil  Defense, 

Deportment  of  Defense,  Washington,  D-  C- 

1  CDR  C.  R.  Whipple,  CEC,  USN,  Armed  Forces  Stoff  College,  Norfolk,  Vo 

1  Dr.  W.  E.  Fisher,  Air  Force  Weopons  Loborotory.  Kirtlond  Air  Force  Bose, 

Albuquerque,  N.  M. 

1  Mr.  Everitt  P.  Blizord,  Director,  Neutron  Physics,  Ook  Ridge  Notional  Loborotory, 

P.  0.  Box  X,  Ook  Ridge,  Tenn. 

^  CT  M.  MacDonald,  CEC,  USN,  U.  S.  Novol  School,  CEC  Officers,  Port  Hueneme, 

Colif. 

1  Library,  Engineering  Department,  University  of  Californio,  405  Hllgord  Avenue, 

Los  Angeles 

1  Sondio  Corporation,  Box  5800,  Albuquerque,  N.  M. 

1  Rivers  ond  Harbor  Library,  Princeton  University,  Princeton,  N.  J. 

1  Heod,  Civil  Engineering  Department,  Carnegie  Institute  of  Technology,  Schenley  Pork, 

Pittsburgh,  Po. 

I  Mr.  G.  H.  Albright,  Head,  Deportment  of  Architectural  Engineering,  101  Engineering 

A  Bldq.,  The  Pennsylvania  State  University,  University  Pork,  Po 

1  Dr.  N.  M.  Newmork,  Civil  Engineering  Holl,  University  of  Illinois,  Urbono,  III. 

I  Professor  J.  Neils  Thompson,  Ci^il  Engineering  Doportment,  University  of  Texas, 

Austin,  Tex. 

Mr.  Fred  Sauer,  Physics  Deportment,  Stanford  Reseorch  Institute,  Menlo  Pork,  Colif. 

1  Or.  T,  H,  Schiffmon,  Armour  Research  Foundotion  of  Illinois,  Institute  of  Technology, 

Technology  Center,  Chicogo,  III. 

I  D'.  Robert  V.  Whitmon,  Mossochuset' s  Institute  of  Technology,  Combndge,  Moss. 

1  Dr,  Lewis  V.  Spencer  Ottawa  University,  Physics  Deportment,  Ottowo,  Kan. 

1  Mr  E  E  Sholowiti,  Protective  Construction,  CSA  Buildmg,  19th  ond  F  Streets,  N.  W,, 

Woshioglon,  0  C 

I  Mr.  Werner  Weber,  Nuclear  Engineering  Consultont,  N.  Y.  Stote  C'Vil  Defense 

Commission,  P.  0.  Box  7007,  State  Office  Building,  Albany,  N.  Y. 

1  O'  Heroid  B'ode,  The  Rond  Corporotion,  1700  Main  Street,  Sonta  Momco,  Cotif. 

I  Mr  R.  0.  Covenough,  Borry  Controls,  Inc..  700  Pleasant  Street,  Watertown,  Mots. 

I  Mr  Kenneth  Koplon,  B'oodview  Research  Corporation,  1811  Trousdale  Drive, 

Burlingame,  Colif 

I  Mr.  Thomas  Morrison.  American  Machine  and  Foundry  Company,  7501  North  Natchez 

Avenue,  Nitei,  III 


I 


I 

i 


f 


j 


I 

1 
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1  Mr.  Walter  Gunther,  The  Mitre  Corporolion,  P.  0.  Bo*  208,  Lexington,  Moss. 

1  Mr.  W.  R.  Perret  -  5112,  Applied  Experiments  Division,  Sondio  Corporotion, 

Albuquerque,  N.  M. 

1  Mr.  Lyndon  Welch,  Eberle  M.  Smith  Associates,  Inc.,  153  East  Elisabeth  Street, 

Detroit,  Mich. 

1  Professor  Herbert  M.  Bosch,  Public  Health  Engineer  ng.  School  of  Public  Heolth, 

University  of  Minnesota,  Mirrneopolis,  Minn. 

1  Dr.  Merit  P.  White,  Civil  Engineering  Department,  School  of  Engineering,  University 

of  Massachusetts,  Amherst,  Moss. 

1  Dr.  Robert  J.  Hansen,  Department  of  Civil  &  Sonitory  Engineering,  Massachusetts, 

Institute  of  Technology,  Cambridge,  Moss. 

1  Mr.  Harold  Horowiti,  Building  Reseorch  Institute,  Notional  Academy  of  Sciences, 

2101  Constitution  Avenue,  N.  W.,  Woshmgton,  D.  C. 

1  Mr.  Luke  Vortman  -  5112,  Applied  Experiments  Division,  Sondia  Corporotion, 

Albuquerque,  N.  M. 

1  Mr.  Richard  Pork,  Notional  Academy  of  Sciences,  2101  Constitution  Avenue,  N.  W., 

Washington,  D-  C 

1  Mr.  Frederick  A.  Pawley,  AIA  Reseorch  Secretory,  American  Institute  of  Architects, 

1735  New  York  Avenue,  N.  W.,  Woshmgton,  D.  C. 

1  Dr.  E  E  Massey,  Defense  Reseorch  Board,  Deportment  of  Notionol  Defense, 

Ottowo,  Conado 

I  Dr.  Robert  Rapp,  The  Rond  Corporotion,  1700  Mom  Street,  Santo  Momco,  Colif. 

1  O'.  Stephen  B  Withey,  Progrom  Director,  Survey  Reseorch  Center,  University  of 

Michigon,  Ann  Arbor.  Mich, 

1  Or  E'lC  T.  Clorke.  Technical  Operations,  Inc.,  Burlington,  Moss. 

I  Or.  A  B  Chilton,  Civil  Engineering  Holl,  University  nf  Illinois,  U'bono,  III. 

1  Mrs.  Sheo  Volley.  CRTZS,  A.  F.  Combridge  Reseorch  Center,  L.  C  Honscom  Field, 

Bed!  Of  d.  Moss 

I  Or  J  T  Honley,  Deportrrsent  of  C'Vil  Enginee'i.*ig,  University  of  Mmnesoto, 

Minneopolis,  Mmn. 

I  Professor  J.  S'l»**mon.  Deportment  of  Cf’Omicol  Engineering.  University  of 

Morylond,  College  Pork,  Md 

I  Or  F  T.  Mavis.  Oeon,  College  of  Engineering,  University  of  Maryland,  College 

Pork,  Md 

I  D'  Roymond  R  Fox.  Associote  Professor  and  Director,  Protective  Construction 

Courses.  The  Geo'ge  Woshingtort  University,  Woshmgfon.  D  C 
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I  I  Professor  M.  L.  P.  Go,  Civil  Engineering  Oeportment,  University  of  Howoii, 

Honolulu,  Hawaii 
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